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(54) Apparatus tor establishing branch wells from a parent well 

(57) A method and apparatus for creating multiple 
brancfi weHs from a parent well is cBsctosed. According 
to a first smoodrrMxnt of the invents 
ing sub is provided tor placement at a branching node 
of a well Such sab includes a branching crtamber (32) 
arKJapiura^ofbrar«^k>gc<rtWmernf^ (34-38) The 
outlet mernbers. Airing construction of the branching 
•ub. have previously been dkrtoctod into obtang shapes 
ao that al of the branching outlet members R within an 
imagtnan/cylrxiar which is coaxial with and substantial' 
ry the same radius as the branching chamber. According 
to one embotfment. the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodknsnt the distorted outlet members are character- 
ized by an outer concave shape when in a retracted 
state. After deployment of the branching subvia a parent 
castog in Che weB. a f orrning tool Is lowered to the Interior 
cl the sub. The outlet members are extended outwardly 
by the trxmingtool e/*5 simultaneously formed 
etantiauy round tubes. Next, each outlet member is 
plugged with cement, after which each branch weB is 
drffled through a respective outlet member. If desired, 
each branch may be fined with casing and sealed to a 
branching outlet by means of a casing hanger. A mani- 
>fold placed in the branching chamber controls the pn> 
ductionof each branch weB to the parent weL According 
to a second embodiment of the invention, a pressure 
resistant branching sub is provided which may be in- 
stalled in series with a casing string, and the associated 
equipment used lor the installation operation and inter- 
vention of a well. The branchng sub Includes a main 
pipe and a lateral outlet 
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Description 

This invention relates generally to the field of weOs, 
particularly to the field of establshing branch wefe from 
a parent hydrocarbon wet More partial tarty the inven- 
tion rebles to estabeshing muttiplo branch wetts from a 
common depth point, cafled a node, deep in the wel. 

BACKGROUND OF THE INVENTION 

Multiple wefts have bean drffled from a corrrnon to- 
cation, particuterty whfle driling from an offshore plat- 
lorm where muftipte wefls must be drified to cover the 
great expenses of c^shoredriBhg. As Bustrated in Fig- 
ures 1 A and ia such wefts are drifted through a com- 
mon conductor ptoe, and each wefl includes surface 
castog finer*. irSormecKale casing and parent casing as 
is well known in the field of offshore drilling of hydrocar- 
bon wells. US. Patent 5.450, 1 99 deecribee ep paratue 
and methods tor driKng mutupte weBs from a common 
weSbore at or near tie surface of the earth. U.S. Patent 
4,573.541 describes a downhoie take-off assembly tor 
a parent well which includes multiple take-oft tubes 
which communicate with Drenched wete from a conv 
mon point. 

Branch wels are also known In the art c* well driling 
which branch torn multiple points In the parent wed as 
illustrated in Figure 21 Branch weDs are created from the 
parent waQ. but necessarily the parent wen extends be- 
low the branchng point of the r^rimary wefl. As a resuS. 
the branching well is typically of a smaller dfemeter than 
fiat of the prknary wel which extends below the branch- 
bg point Furthermore, difneuft sealing problems have 
faced the art lor esSabteWng ewmumication between 
the branch we* and the primary wol. 

For example. U.S. Patent 5.389,648 deecrfces 
methods relating to weB juncture sealing with various 
sets of embedrnents to accompfish such sealing. The 
disclosure of fre*64£ patent proposes solutions to sev- 
eral serious sealing problems which are encountered 
when establishing branches in a wel. Such sealing 
problems retece to me requirement of ensuring the ccrv 
nectrvftyol the branch casing liner with the parent casing 
and to maintahktg hydraulic isolation of the juncture un- 
der differential pressure. 

A fundamental problem exists in estabSshing 
branch weOs at a depth ti a primary wefl in thai appara- 
tus for estabishtng such branch wells must be run on 
parent casing which must fit wfthln intermediate casing 
of the well Accorcfngry, any such apparatus tor eatab- 
fehjng branch wells must have an outer diameter which 
is essentially no greater than that of the parent casing. 
Furthermore, ft is desirable that when branch we Da are 
established, they have as large a diameter as posstole. 
Stjl further, ft a desirable that such branch wells be lined 
wth casftg which may be estabfished and sealed wfth 
the rxanching equipment wfth conventional casing 
hangers. 


An inportant object of this inventicnisioprcwir^an 
apparatus and method by which rnul^ branches con- 
nect to a prirnaiy wefl at a single depth in the wei where 
the branch wells are controlled and seated wfth respect 
5 tomoprxnaryweOwfthcenventio^ 
nections. 

Another important object of thb ircvenSon is to pro- 
vide a multiple outlet branching sub naving an outer di- 
ameter such that ft may be run h a wefl to a deployment 
io location via primary cating. 

Another object ol this Invention io to peovido a mul- 
tiple outlet branching sub In which muft'pls outlets are 
tahncated in a retracted state and are expanded white 
downhoie at a branching deployment barton to plo- 
ts duce maximum branch wefl cftameters rot*ided to pro- 
vide conventional Inej-to-casing connections. 

Another object c4 INs Imren^ 
ratue lor downhote expansion of retracted outlet mem- 
bers rn order to direct each outlet into an arcuate path 
20 outwardly from the axis of the primary wet and to ex- 
pand the outlets into an essentially round shape such 
that after a branch weB Is drilled through anouttot, con- 
ventional finer-to-casing connections can be made to 
such outlet members. 


SUMMARY OF THE INVENTION 

These objects and other advantages and features 
are provided m a method and arjparelusloresial>Bshing 
30 multiple branch wens from a parent wet A multiple 
branchng sub is provided tor deploymerrt n a bc^hote 
by means of a parent casing trtrough a parent wsll The 
branchng sub includes a branching chants which has 
an open first end of cylindrical shape. The branching 
as charnber has a second end to which brarcfwiQ outlet 
members are connected. The first end is connected to 
the parent weB casing In a conversions! manner, such 
as by mrearJnft tor deployment to a branching location 
in the parent wel. 
< Multiple branching outlet members, each of which 
ts integrally connected to the second end cf the branch- 
ng chamber, provide fluid corrvnunicauan with the 
branch**) chamber. Each of the outlet members is pre- 
tabncaled such that such members are in a retracted 
45 portion tor toaerttan of tie sub hto and down twoogh 
the parent weOtoadeptoyrnerttocata 
Each of the multiple outlets is substantlany tcta»y wthki 
an imaginary cyfinder which » coaxial wif> and of sub- 
stantially the same rarJus as the first end d the branch- 
s* ng chamber. The prefabncalion of the cudet members 
causes each outlet member to be transformed in cross- 
secDonal shape from a round or circular shape loan ob- 
long or other suitable shape such that Is outer profile 
fits wffiwi the imaginary cylinder. The outer profile of 
M each outlet member cooperates wfth the outer profiles 
of other outlet rnembers to substantially « the area of 
a cress-section of the imaginary cylinder. As a result, a 
substantially greater cross-sectional area of the multiple 
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outlet members is achieved within a cross-section of the 
vnaginary cyfinder as compared wrfri a ccrTaapondtng 
number of tubular muttpte outlet members of circular 
cross-section. 

The multiple outlet members are constructed of a * 
material which may be ptastfcaty deformed by cold 
torrruog. A forming tool Is used, after the multir^branch- 
ing sub is deployed n the parent wel. to expand at least 
one of the multiple branching outlet merrtoera outwardly 
from the connection to tfie branching chamber. Prefer- » 
ably afl of frie outlet members are expanded simultane- 
ously. Ssnuflaneousty with the outward expansion, the 
mulipte outieto are expanded irto a s^ 
lar radial cross-sectional shape along their axial extent 

Alter the multiple outlet members which branch « 
from the branching chamber are expanded, each of the 
mutlptobrancrtingoimetsaTB^ 
is dritod through a selected one of the multiple branch- 
ing outlets. A substantially round liner m provided 
through the selected branching outlet and into the «> 
branch weH The finer dcircutarcross-eectkxi is sealed 
to the selected branching outlet circular cross-section 
by means ol a conventional cashg hanger A borehole 
and Iher is established tor a pfurafity of the muttple 
Drenching outlets. A oownhote manifold is instated in & 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch weB to the 
parent wed is controlled with the manrloW. 

The apparatus for expanding an outlet of the mutti- 
pte branch^ sub indudea en uphc^ 30 
una and a downhole operational uni An electrical wire- 
une connects the uphote power arxf control una and the 
downhole operational untt. The wirefine provides a 
physical connection for lowering ihe oownhote opera- 
tional unit to tho branching sub and provxJos an etoctri- 35 
cal path lor transmission of power and bkfirectwnal con- 
trol and status signals. 

The downhole operational unit Includes a forming 
mechanism arranged and designed lor insertion in at 
least one retracted branching oUlet rr*mber of the sub «> 
(and preferably into all of the outlet members at the 
same tine) and lor expanding the outlet member out- 
wardly from as irnaglnary cylinder at deployment Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simuKane* «* 
ousfy. The downhole operat i onal unit incfcde* latching 
and orientation mechanisms which cooperate wfth cor- 
responding mechanisms of the sub. Such cooperating 
mechanisms allow the torming mechanism to be radteBy 
oriented within the multiple branching sub so that it is so 
aligned with a selected outlet of the sub and preferably 
with all of the outlets ol the sub. The downhole opera- 
tional uni nctudes a hydrmjlc pump and a hood having 
hydraufic fluid fines connected to the hydraulic pump. 
The forrnng mechanism includes a rrydn^licany pow- « 
ered forming pad. A telescopic fink between each form- 
tog pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardty while ax- 


panding the outlet members. 

According to a second, aiematto embodiment of 
theimrentxxi.abrBnchhgsubB 
multiple branches f rom a parent casing wxhout the need 
lor saaJrtg joints and wheh allows tha use ol conven- 
tional wol controDod fcner packer* and casing joints. Tho 
geometry ol the housing of me branching sub allows tha 
housng to achieve rnejdmun pressure rating consider- 
jng the size of the branch cutlet with regard to the size 
of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects. advantages arxf features* Ihe inven- 
tion w* become more apparent by reference to *e 
drawings which are appended hereto and wherein an 
Bustfaftm ernbodYnent of tie Invention Is shown, of 
which; 

Figures lAand IB iTustiate a prior art triple iher 
packed in a conductor cassig terrntnation in which 
the outlet members are round during hnstaSatlon 
and are packed to fit wthki the conductor casing; 
Figure 2 illustrates a poor art parent or vertical well 
and lateral branch wess which extend therefrom; 
Figures 3A» 38, and 3C ilustrale a three outlet 
branching sub according to a first embodiment of 
the tovention where Figure 3A is a radial cross-sec- 
tion through the branching outlets of the sub. with 
one outlet completely in a retracted position, with 
another outlet in a petition between its retracted po- 
sition and its fidy expended position, and the third 
outlot being tn a tulty axpandod po&abn, and where 
Figure 38 is a radaf cross-section through the 
brancrung outlets of the sub with each of the outlets 
fuDy expanded after deployment In a parent weH, 
and Figure 3C is an axial cross -section of the 
branching sub showing two of the branching outlets 
tuny expanded to a round shape in wh ich casing has 
been run srto a branch wefl and sealed with respect 
to the branching outlet by means of conventional 
liner hanging packers- 
Figure 4 is a perspective view ol a three symmetri- 
ca outlet branch ingsuo of a first errtxxfirnenl of the 
■mention win the outlet brariches expanded. 
Figures 5A. 5b\ 5C, and SO ISustrate configurations 
of the first ernborjment of tie invention with asym- 
metrical branching oudets wth at least one outlet 
having larger intamaf dsnensions than the other 
two, with Figure 5A being a radial cross-section 
through the branching outlets along fine 5A-6A si a 
retracted posUon. with Figure 58 being an axial 
cross-section through me fines 56-58 of Figure 5A, 
with Figure 5C being a racial cross-section along 
fines 5C-5C of Figure 50 win Ihe branching outlets 
n an expanded position, and with Figure 5D being 
an axial cross-section along lines 5D-5D of Figure 
5C with the branching outlets in an expanded posi- 
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ton; 

Figures 6A-6E Busttaie radial cross-sections of 
several examples of branching outlet configurations 
of the branching sub according to the first ombooV 
manl of the invention, with all outlet branches fully s 
expanded from toe w retracted state during deploy- 
ment in a parent wel. wdh Figure 6A Uustralhg two 
equal diameter outlet branches. Figure 6B iBustrai- 
rtg three equal diameter outlet branches. Figure 
6C. like Figure SC. Bustrating three outlet branches to 
wUh one branch characterized by a fcupor cfeamotor 
than the other two. with Figure 60 ffiustratirtg lour 
equal diameter outlet branches, and with Figure 6E 
austratihg five outlet branches with the center 
branch being of smaller diameter than the other « 
tour; 

Figures 7A-7E Bustrate stages of expending the 
outlet rnernbersof an expandable brarching sub ac- 
cording to the invention, with Figure 7A Itustrating 
. an axial cross-section of the sub showing muftiplo » 
rjranchino, outlets wth one such outlet h a retracted 
position and the other such outlet being expanded 
starting with As connection to the branching head 
and continuing expansion downwardly toward the 
lower opening of the rxanching outlets, with Figure & 
7B illustrating a radial cross-sectton ataxia! position • 
B of Figure 7 A and assuming that each of three 
symmetrical branch^ outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showing various stages of expansion as a function *> 
of axial distance along the rxancNng outlets; 
Figures 8A and 68 illustrate respectively In axial 
crocs-section and a racfeJ cross-section along tines 
88-68. latching and orientation profiles of a branch- 
ing chamber of the branching sub. and Figure 8A & 
further Uustrates an extension leg and supporting 
shoe tor deployment in a parent well and for provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position; 
Figure 9 schematically illustrates uphote and down- **> 
hole apparatus tor expanding the branching outlets 
of the branching sub; 

Figure 10 illustrates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure tormrng pad of the apparatus of Figure 9; 45 
Figures 11A-11H Bustrate steps of an installation 
sequence for a nodal branching sub andtorcreatng 
branch wefts from a parent welt 
Figure t2 fflustrales a branching sub deployed in a 
parent weB and further illustrates branch well Bners *> 
hung from branching outlets and stjl further illus- 
tratos producuon apparatus deployed in the branch- 
ing sub for controCing production from branch weEa 
into the parent weft 

Figures 1 3A and 13B geornetricafly llustrata the in- ss 
crease In branch welt size achiovabte for this inven- 
tion as compared with prior art conventional axial 
branch wells from bners packed at the end of parent 


casing: 

Figures 14A-140 are tSustrative sketches of nodal 
brartching according to the invention where Figure 
I4A frustrates establishing a node in a parent wel 
and estabnshjng branch wafls at a common depth 
point in the parent wel. al of which communicate 
with a parent wefl at the node of the parent we* with 
Figure 148 Slustiaurig an expanded branching sub 
wraoh has had Is branching outlets expanded be- 
yond me rlameter of the parent casing and formed 
to be substantial^ round; with Figure 14C Bustral- 
using a primary node and secondary nodes to 
produce hydrocarbons from a single strata; and with 
Figure 140 Ilustrating using an expanded branch- 
ing sub from a primary node to reach multiple sub- 
terranean targets; 

Figure 15A Kustrates a two outlet version of a 
branding sub according to the first errtxx^rnentof 
the invention, with Figures 1 5B. 1 58". 1 5C. and 1 5D 
Buctratlng croes-eecttonal profiles of such two out- 
let version of a branching sub with an aftematVe 
posttorming tool at various depth locations h the 
outlet members; 

Figure 16 fllustrates a two arm attemative version 
of a poel- forming toot 

Figures 17A-17D Biustrata the operatwn of such al- 
ternative post-forming toot 
Figures 1 8A - 1 8E i Dust rale a branching sub accord- 
ng to the first embodiment of Ibe invention witfi con- 
cave deformation of the branching outlets; 
Figures 1 9 A - 1 9C illustrate an alternative actuating 
apparatus according tothe invention. 
Fqures 20A and 206 ilustrate a second ernbocfr- 
ment of the Invention where Figure 2QA is an exte- 
rior view of a branching sub with a main pipe and a 
lateral branching outlet and Figure 20B Is an axtal 
section view of such branching sub; 
Figures 21 A and 21B are axial and radial section 
views of the branching sub of Figures 20A and 200 
but in a retracted state, and Figures 21C and 21D 
are axial and radial section views of the branching 
sub of Figure* 2QA and 208 in an expended state; 
Figure 22 is a graph which shows that the yield 
strength of the housing material of the breaching 
sub increases wth the rate of deformation during 

Figure 23 is a schematic iltostjationoftr^ebranchtig 
sub «cconfr>g to a second ombodimont of the in- 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dia- 
tond formations from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
which may be inserted within the main ptpe of the 
branching sub whereby a cHlng tool which enters 
from the lop of the sub may be directed nto the taJ- 
eraf outlet; 

Figure 25 ftJustrates two brancrung subs connected 
n tandem with the tandem connection placed in a 
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series of casing Bnks of a casing string; end 
Figure* 26A and 26B Buetrate a cap which may be 
welded across (he brandling outlet border to dose 
ft cfl lor certain weO operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures t A and IB ilustrate 
the problems with prior art apparatus and methods tor 
establishing branch weis from a parent waiL Figures 1 A 
and 1 B show radial and axial cioss-eections of multiple 
outlet finers 12 hung and sealed from a targe diameter 
conductor pipe 10. The outlets are round in order to fa- 
cffitats use of conventional frurig hanger peckers 14 to 
saaJthecjutlet Briers 12loraxnrnun^ 
ductor pipe 10. The arrangement of Figures lAand 1B 
requires that multiple round outlets of diameter Do fit 
w^tned^terDsldthecorKluctorppelO. In many 
cases, especially where the conductor pipe must be de- 
ployed at a depth in the weB. rather than at the surface 
of the wel. ft is not f easttfe to provide a borehole of suf- 
ficient outer diameter to allow branch weB outlets of suf- 
ficient diameter to be instaJed 

The technique of providing branch wefts according 
to the prior art arrangement depicted in Figure 2 creates 
branch wets 22. 24 from a primary wen 20. Special seal- 
ing arrangements 26. unlike conventional casing hang- 
ers, must be provided to teal a lined branch well 22. 24 
to the primary well 20. 

Description of Branching Sub AccorcSngtoa First 
Embodiment of the Invention 

Figures 3A. 38. and 3C illustrate a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching chamber 32. {which may be con- 
nected to and carried by parent wan casing (See parent 
casing 604 of Figure 1 2)). and multiple outlet members, 
for example three outlet members 34. 36. 38 illustrated 
in Figures 3A. 3B. and 3C. Figure 3A is a radial cross- 
section view through the branching chamber 32 which 
illustrates one outlet member 34 in a retracted state, a 
second outlet rnember 36 in the stato of oerig expanded 
outwardly, and a third outlet member 38 which has been 
fully expanded outwardry. (Figure 3A is presented tor »- 
tostratlve purposes, because according to the invention 
it is preferred to expand arid circularize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as shown particularly for outlet member 34. 
A round tube is deformed such that its crces-sectionat 
interior area remains essentially the same as that of a 
circular or round tube, but its exterior shape b such that 
it fits cooperatively with the deformed shape of the other 
outlet rnembers. all within an jrr»a^rtary cylinder hav^ 
a diameter essentially the same as that of the branching 
chamber 32. m that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 


ameter which atows ft to be run in a parent wel to a 
dopJoymont location whia attached to a parent casrig. 
Outlet member 34 in as retracted state is iBustrated it 
an oblong shape, but other retracted shapes may also 

5 prove to have advaotagoous charactonstica. For exam- 
ple, a concave central area of deforrnation h the outer 
sido of a retracted outtot mombor may bo advantagoous 
to provide a stiter outlet membec Such deformation is 
progressively greater and deeper starting from the top 

to to the bottom of the outlet member. 

F>gur© 3A sfiows outlet rnernoor 33 in a state of be- 
hg expanded h an arcuate path outwardry from the 
branchng chamber 32 whBe ssnuttaneousty being 
rounded rjy a downhoto ferrr^ 

is described betom Tne arrows labeled F represent forces 
bang appSed tern tie Interior of the outlet member 36 
h order to expand met outlet merrtber be*) outwaixfy h 
an arcuato pat» away from branching chamber 32 and 
to circularize I from its retracted state (as is the corvj- 

20 lion of ouflet tnomber 34) to its expanded or fully de- 
ployed state tike outlet member 38. 

Figure 38 is a radial cross-section as viewed by 
fines 38-38 ot Figure 3C through the branching sub 30 
at the level of outlet members 36, 38. Figure 3C Ifcs- 

26 trates conventional casing liners 42, 44 which have 
been installed trough branching chamber 32 end into 
respective outlet members 36. 38. Convertttonal frier 
hanging packer 46. 48 seal casing Bners 42. 44 to outlet 
members 36. 38. As illustrated in Figures 38 and 3C. if 

30 the dtemeter Ds2 of the branching chamber 32 is the 
same as the darneter Dst of the conductor pipe of prior 
art Figure t B, hen the outlet diameter D c of Figure 3C 
is t .35trnesasg^K3<asmeouter diamot or Doer Figure 
iaThe6rwc«s-«ecticnalareaS 0 ofthesu^ 

96 3C b 1.82 times as great as the Oner cross-sectional 
area Soot Figure 1 A. When fully expended, the effective 
diameter of the expanded outlet rnembers 34. 36. 38 ex- 
ceeds that of the branching chamber 3a 

Exiwimerts have been conducted to prove the fea- 

40 sibiBty of manufacturing branching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly and -oundng the outlets. 

Experiment Prose 1 

45 

Two casing sow were selected: a firetcrw.cnem^ 
tor tang was 7 ixhdtometer casing wim a waJI thickness 
of 4.5 mm; the second was one meter bog and was 7 
rxh diameter casing with a wan thickness of 8 mm. A 
60 hydrauBc jack was designed for clement in a casing 
tor rixpanrJng it Each casing was successfully pre- 
formed into an r^pdcaJ shape, e.g.. to simulale (he 
shape of outlet member 34 in Figure 3A and reformed 
rto circular shape whie using a circularizing forming 
66 head with the jscltCrrculari^ 

38 of Figure 3A was achieved with plus or mhus differ- 
ence from periect circutartty of 2 mm. 


45 
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Experiment Phase 2 

Two, one meter long. 7 inch diameter, 23 pound 
casings were machined axial* at on angle of 2.5 de- 
grees. The two casings were joirad together at their ma- 
chined surfaces by electron beam (EB) wekfing. The 
jotoed casings were deformed to fit inside an 11 inch 
diameter. The welding at the junction of Ihe two casings 
and Iho casings themselves had no visfoto cracks. The 
maximum diameter was 10.7 inches; the minimum c5- 
ameter was 10.5 inches. 

a) Machinery 

Before miffing each casing at an angle of 2.5 de- 
grees, a spacer was temporarily welded at Is end to 
avoid potable datamation during machJhing. Next 
each casing was machined rou^iry and then finished to 
assure that each machined surface was coptanar with 
the other The spacer we Wed at the end of the casing 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er with a fg. pressed together and caret ufly positioned 
to maintain afignment of the machined surtaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the pg was removed. In an EB 
welding chamber, the two machined casings were spot 
welded alternately on both sides to avoid posstoie de- 
formation which could open a gap between the two 
surfaces . Next about 500 mm were EB welded on one 
side; the combination was turned over and EB welded 
on the other side. Finely the bottom of ccmbhation 
was EB welded and turned over again to complete the 
welding. The result was satfetactory: the weld fillet was 
continuous without any toss of material. As a resuft. the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

Deformation was done with a special pg of two por- 
tions c< half cylinders pushed agaM 
Jack with aforceof 30 metric tons (66.000 pounds). The 
haff cylinders had an Inside diameter which was sfighOy 
smaller than It inches. /jocorolngV. the final cfiameter 
of thectefomTedassembly was less than t1 riches when 
the junction was deformed. Pliers were pteced inside the 
junction to aid cfcformation of the outlet where it is criti- 
cal: at the end c^ Ihe tube wrwe the defomwl^ 
imeJ. 

A large wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
when deforming. The deformation started at the outlets. 
Force was appSed on the p&ers and simultaneously on 
the jack. A force of about one ton was continuously ap- 


plied to the pliers: the outside pg was mewed down h 
steps of 125 mm; at each step a force of lametric tons 
(33.000 pounds) was appfied. The oporaton was re- 
peated with a force of 20 metric tons (44J00 pounds), 
5 and the end of the outlets started to nattenon me wedge. 
Tho process was complotod at a texco of 30 metric tons 
(66.000 pounds). The resulting deformec oroduct was 
satisfactory. 

It is preferred to modify the shape <fi the peers in 

io such a way that the piers deform the suflei with a 
smooth angle and to weld the wedge afterdefc*mation, 
rather than before, and to weld ft by usog two large 
wedges on each side or it to avoid a "n&?tfW defor- 
mation of tiis area 

is Experiment Phase 2 was conducted aseoondtJme. 
but with a steel sheet metal etffiener wetoed along the 
E B welds of both sides of the Junction of Ihetwocaslnga. 
The Junction was deformed as in Experirwnt Phase 2 
to ft within an 11 inch diameter. A jack arth a force of 

20 30rr^tons(66^p<XJrxto)wasused.Ptor^astor 
the first junction, were not used A large wedge was 
used tor the first junction with a 5 degree angle cut in 
two and installed on each side of the wettod wedge be- 
tween the two outlets to facflftale natteningof the outlets 

25 when dekxming. The deformation startedat the outlets 
and ccntknjed toward the junction. This operation was 
repeated with a force of 30 metric tons. Tie end of the 
outlets started to flatten on the wedge. The portion most 
c^icutt to o^crm was around the* 

m where the outlets are complete inside bit welded to- 
gether, where the welded surf ace is between the lop of 
the inside ellipse and the top of the outsite ea*»e. As 
a result of this expenrnertt, a hipjer capably jack of 50 
metric tons force was provided. 

35 

Experiment Phase 3 

A fuS length prototype with two 7 inch casings con- 
nected to a 9 5/8 inch casing was marUactured and 
40 pressure tested. Testing stopped at 27 bar because de- 
formation was occurring without pressors /a nation. 

a) Machining 

45 Machining was performed In the sane way as tor 
the two previous junctions except that the length of the 
casings was 1-2S meters instead of 1 mete* and a 
groove was machined around tte elljpticd pic«e to en- 
ter** the EBwekfrig process. A* 

so was machined on the plane of the cut of each casingto 
'retail a pin between the two casings tDjronde better 
positioning. The upper adapter was madrined out of a 
sofid bar of steel on a rwimericaBy controtedmWngma- 
chine to provide a continuous profito between »>e 7 inch 

55 casings, with a Z5 degree angle, and the 5 S/9 inch cas- 
ing. The adapter was machined to accexx a pSjg. The 
inner diameter of the lower end of the 7 inch casings 
was machined to accept the expanding pugs 
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b) Wetting 

The two machinod casings were assembled togeth- 
er with a pg and pressed together. The assarnbry was 
then fixed together by several spot TIG wekte and the 
jig was removed. Irian EB chamber, the two parte were 
EB spot welded alternately on both sides to avoid pos- 
sfele deformation. Then the two casings were EB weld- 
ed on one side: the assembly was turned over and E8 
welded cn the other side. The assembled casings were 
joried satisfactory. An adapter was then TIG welded 
on the assembled casings as weO as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

Deformation during pressure testing was measured 
using two linear pctontiomoters placed on the EB weU. 
The pressure was increased by stepe of 5 bar. and the 
value of the potentiometer was recorded at atmospheric 
pressure, at the g*en pressure, and when returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determined that the total ptast c deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their junction was 3.7 mm. 

Experiment Phase 3 showed that the del ormation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the large casing welding act as sttflonera It was dolor- 
mined to add a sulener in the plane ol welding which 
can be *ancTK>recr in ihe area of tow deformation. 

Experiment Phase 4 

A fuD length prototype with two 7 inch casings (9 
mm thickness) connected to a 9 5/8 Inch casing was de- 
fwrned to m inside a 10.6 inch cylinder. TrttscJeformatfon 
was performed using the same flg used for Experiment 
Phase a but with a jack with 50 metric tons capacity 
instead of 30 metric tons. 

a) Deformation Jig 

The deformation pg was modified to accept a higher 
deforming force and (he bar which supports the fbced 
haft shell was reireorced. The pg was hotted on e frame 
and a crane was included in the frame to 181 the junction 
and displace ft durhg the deformation process. 

b) Deforming Process 

The change of dimension ol the joined casing dur- 
ing deformation was measured using a sfiding gauge. 
Such change of dimension was measured rjeforeappry- 
hg the pressure, under pressure and after releasing the 
pressure. Deformabon started at the middle of the junc- 
tion where ft is stifles! and continued toward the ends of 
the outlets because the deformation must be larger at 


the outlets. TTw datamation on the bonom of the junc- 
tion was too higji on the first run and reached nearly 10 
inches. At the middle of the junction, the deformation 
was about 10.6 inches. Except lor the bottom end which 

s wasdetorrr^tcorrxjchwton 
rJiewectoa.theranTakxJertftte 
10.6 nches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and detormhg casings ol thicker tubes, the pg rrwst be 

to rebuilt to accept targe deforming forces. 

c) Conclusion 

The deformation of the prototype of Experiment 
is F*ase 4 was conduced easty wifr the new p 
^werereor^enedtothec^ic^sh^e. 

Figure 4 b a perspective view of the brand** tub 
30 of Figures 3A. ». 3C where the branching sub is 
shown after expansion. Threads 31 are provided at the 
» top end of branching crtarnber 32. Threads 31 enable 
branchhg sub 30 to be connected to a parent casing for 
deployment at a subterranean location. Outlet members 
34, 36. 38 are shown expanded as they would took 
downhole at the end of a parent well. 
25 Figures 5A-5D illustrate an alternative three outlet 
branching sub 301 according to the invention. Figures 
5A and 5B itustraoe in radial and axial cross-section 
views the sub 301 n its retracted position. Outlet mem- 
bers 341. 361 and 331 are illustrated with outlet member 
30 361 being about equal to the combined radial ctogs-goc- 
ttonal area of outlet members 341 and 381 combined. 
Each of the outlet rrombots are rJeforrned Inwardly from 
a round tubular shape to the shapes as flustratod in Fig- 
aro 5A whereby the combined def ormed areas of outlet 
35 members 341. 361 and 361 substantiaBy Withe circufar 
area of branching chamber 321. Other deformation 
shapes may be advantageous as mentioned above. 
Each deformed shape of outlet members 341, 361 and 
381 of Figure 5A is characterized by (for example, of the 
40 outlet member 341 a circular outer section 342 and one 
or more connecting non-circular sections 34a 345. 
Such ncrvcircular sections 343. 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
of outlet member 351 so as to maximize the internal ra- 
45 ofel cross-sectional areas of outlot member* 341, 361 
and 381. 

Figures 5C and 50 «ustratethe branching sub 301 
of Figures 5A and 5B after Is outlet members have been 
fuffy expanded after deployment in a parent weL Outlet 

so members 361 and 381 are iBustrated as having been 
simultaneously expanded in a gentry curving path out- 
warrJty from the axis of twar^ 
panded radially to torm drcvMu tubular shapes from Ihe 
deformed retracted state ol Figures 5A and 5a 

55 Figures 6A-6E show in schematic form the size of 
expanded outlet rrernoers as compared to that of the 
brariching chamber Ffojure 6A shows two outlet mem- 
bers 241, 242 when have been expanded from a de- 
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formed retracted state. The diameters o4 outlet mem- 
bers 241 and 242 are substa ntia lly greater in an eamand- 
ed stale as compared to their circular diameters I they 
could not be expanded Figure 68 repeats the case of 
Figure 3a Figure 6C repeats the uneven tnpte outlet 
oonfiguration as shown in Figures 5A-SO. Figure 60 B- 
tustraies tour expandable outlet members from a 
branching chamber 422L Each of the outlet members 
441. 442. 443. 445 are of the tame diameter. Figure 6E 
illustrates five outlet members, where outlet member 
545 b »mafief than the other tour ouUot mombofs 541, 
542. 543. 544. Outtet member 545 may or may not be 
deformed in the retracted state of the branching sub. 

Description of Meted for Expanding a Deformed 
Retracted Outlet Member 

Figures 7A-7E Dustrate downhole formng heads 
122, 124, 126 coeraliigBl various depths in outlet 
bers 36, 34, 36. As shown on the right hand side of Fig- 
ure 7A, a generafaed formng head 122 w shown as 1 
enters a dekxniedreUactad outlet member, for example 
outlet member 3a at location B. Each of fhe forming 
heads 1 22. 124, 126 has not yet reached an outtet mem- 
ber, but the heads have already begun to expand the 
outtet wafl of brarKhing chamber 32 outwardly as Blue- 
traied in Figure 7B. The terming heads 122, 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Figure 7C shows the forming heads 

122. 124. 126 expanding the outlet members outwardly 
while simultaneous)/ circularizing them Forming pads 

123. 125. 127 are torcod outwent* by a piston in each 
of tie forming heads 122. 124. 126. The forming heads 
simultaneously bear against central wan region 150 
which acts as a reaction body so as to simultaneously 
expand and form the outlet members 38. 34. 36 whfle 
balancing reactive forces whBe expanding. Figures 7D 
and 7E illustrate the forming step at locations D and E 
of Figure 7 A. 

Figures 8A and BB Btustrate an axtafty extending 
slot 160 in the branching chamber 32 of branching sub 
30. Such sbt 163 cooperates with an orienting and 
tatchng sub of a downhofe forming tod for radial poei- 
t toning of such orienting and lafchJr>gsubtorforrningand 
expanding the muttole outlet members downhofe. A 
notch 162 in branching chamber 32 to used to latch the 
downhotetom^ toot at a predetermined a 

An extooaion »©g 170 projocta downwareffy Irom the 
central wall region 150 of branching sub 30. A toot 172 
is carried at the end of extension leg 170. In operation, 
foot 1 72 is towered to the bottom of the bor enoie at the 
deployment location. R provides support to branching 
eub 30 during terming loot expanding and other opera- 
tions. 


Oescnption of Forming Tod 

a) Description of Ernbodimerrt of Figures 9, 10 

s Figures 9 and 10 illustrate the forming toot used to 
expend muftpte outlet members, for example cadet 
mernbers34, 36. 38 of Figures 3A, 3S, and 3C and-tO/- 
ures 7tX 7C. 70 and 7E. The forming tool includes up- 
hc* apparatus 100 and downhole apparatus 200. The 

to upaofe apparatus 1 00 includes a ccrwsrtxxiaf computer 
1 02 programmed to control telemetry arid power sippfy 
unit 104 and to receive cxxTunaods from and deptay in- 
tofnation to a human operator. An uphole winch unit 06 
has an electrical wfrefine 110 spooled thereon tor taw- 

is ering downhole apparatus 200 through a parent we* 
casing and into to branching chambe^32of abiaacfv 
tog sub 30 which is cconectsd to snd carried at fhe end 
of Cm parent casing. 

The downhole apparatus 200 includes a coraen- 

20 fa^ofcte head 202 which p 

caf connection to wtrelne 110. A telemetry, power mp- 
paescxid controls maJule 2M hchjdes cxxwenli^ 
leroefjy;p<3wer supply and control rircufta which fwTC&on 
to nxnmunicate wfth uphole computer 102 via wiraino 

2S im and to prcvide power and control signals to do*r>- 
hctta moduJes. Hydrauac power unit 206 Includes axon- 
vendonaf electrically powered hydraulc pump lor aro- 
dudng downhole pressurized hydraulic fluid An orent- 
rig lathing cub 206 inctudeo a latching oV*ncf> 210 

so (srhemslicany ilustratod) lor fmhg within notch 1£2 of 
branchtog chamber 32 of Figure 8A and an orientins do- 
ve* 212 (ichematJcaBy Mustrated) tor cooperating with 
*fcxi60of branching chamber 32. When to dowroote 
afparatos 200 Is towered Into branching sub 30. orent- 

35 t?bMD92l2 enter* to etot 160 art 

pasatu* 200 is further towered unt! the latching dance 
210 enters and latches within notch 162. 

Frxed traveling head 213 provides hydraulic fluid 
corTVTiuntoaticn between hydrauBc power unit 206 and 

40 the travefing tormng heads 122. 124, 126. forexarxte 
Teesccoic Hnks 1 80 provide pressurized hydraulic luid 
to ravaging terming heads 122. 124. 126 as the hsads 
1 22. 124, 1 26 move downwardly willta to riKritipie out- 
lea mernbere, for example outlet members 34. 36. 3B of 

45 R5jras7B-7E. Monitoring heads 182, 1B4, 186arcpn> 
vttsd to determine the radial distance moved white ra- 
daffy forming an outlet member. 

Figure 10 illustrates travefng forming heads 12& 
12*. 122 in different stages of forming an outlet menber 

so of Dnrcfung sub 30. Forming bead 1 26 is shown on out- 
toi member 36. which b Oustratod by a heavy Gne before 
racial terming in the retracted outlet member 36. The 
otitet member is shown in light ine3 36\ 36*. whew to 
ocdet member is depicted as 36* in an intermediate 

ss stage of formmg and as 36" in its final formed stags 

Tr» forming head 1 24 b sb^ a* ft feradafy tann- 
ing retracted outlet member 34 (In light fine) to an nter- 
mediate stage 34*. A final stage is i Dust rated as cscJar- 
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teed outlet member 34*. The forming head 124. fte the 
other two forming heads 126. 122. includes a piston 151 
on which forming pad 125 b mounted Piston 151 is 
forced outwardly by hydraulic Quid applied to opening 
hydraulic line 1S2 and is forced inwardly by hydrauic * 
fluid eppBed to closing hydraulic ine 154. A caliper sen- 
sor 194 is provided to determine the amount of radial 
travel of piston 151 end forming pad 125, for example. 
Su table seats are provided between the piston 151 and 
the forming head 124. 

The forming head 122 and forming pad 123 are S- 
lustrated in Figure 10 to indicate that under certain ar- 
cumstzvices the chape d the outW member 38 may be 
"over sxparjdecT tocxeaie a sl^fy obtong shaped out- 
let suctitt«1wt^racfallomTlr)g force from torming pad 
123 and forming head 122 is removed, the outlet w» 
spring back Into a oscular shape due to residual etestie- 
fey of the steel outlet member. 

At the level of tie branching chamber 32. forming 
heads 122, 124. 125. balance each other against the 
reaction forces whfe forcing tie walls of the chamber 
outwardly- Accordingly tie forming heads 122. 124. 126 
are operated simutaneouety, for example at level 8 of 
Figure 7 A. whito forcing the lower endof the wail of the 
branching chfvnbor 32 outwardly When a forming head 
122 enters an outlet member 38 for example, the pad 
reaction forces are evenly supported by the central waB 
region 1 50 of the branching chamber 32. The telescopic 
finks 180 may be rotated a smal amount eo that the 
forming pads 127. 125. 123 can apply pressure to the 
right or left from tie normal axis and thereby improve 
the roundness or c*cub»ity of the outtet members After 
a forming eequence is performed, for example at loca- 
tion D in Figure 7 A. the pressure b released from piston 
151. and the telescopic Inks 180 lower the forming 
heeds 122. for example, down by one step. Then the 
pressure is raised agan for forming tna oUtot members 
end eo forth. 

The composition of the materials of which the 
branching sub 30 is constructed is proforaby of an a Hoy 
steel with austentc structure, such as manganese 
steel, or nickel alloys such as 'MoneT and InconeT se- 
ries. Such materials provide substantial plastic deforma- 
tion with cold forming thereby providing strengthening. 

b) Description of Merrath/e Embodiment of Figures 
15A-15D. 16andl7A-l7D 

An alternative post-forming toot is itustrated in Fig- 
ures ISA. 158. 15*. 15C. 150. 16, and 17A-17D. The 
post -forming tool 1500 is supported by common down- 
hote components d Figure 9 including a cable head 202. 
telemetry, power supplies and controls module 204, hy- 
draubc powof unil 206 and an orienting and lafcbng sub 
208. Figure 16 illustrates that post-forming tool 1 500 in- 
cludes a travel actuator 1510. A piston 1512 of travel 
actuator 1510 moves horn an upper retracted position 
as shown in Figure t7A to a lower extended position as 


shown h Figures 17C and 170. Figure 178 shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate positions depending on the de- 
sired travel positions of forming heads in the outlet mem- 
bers. 

Figures 16 and 170 Sustrate a two forming head 
embodiment of the post-forming tool 1500 where two 
outlet members (e.g.. see outlet members 1560 and 
1 562 of Figures 15A-15D) are Btustra! ed Three or more 
outlet members may be provided wfth a oonesponding 
number of forming heads and actuators provided Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwaidty into outlet members 1560. 1562 es piston 
1 512 moves downwardly. 

Actuator cylinders 1516 each include a hydrauScal- 
ry driven piston 1518 which receives pressurized hy- 
draulic fluid from hydraufc power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. Trie piston 1518 is 
in an upper position as lustrated in Figures 17A and 
1 7C and in a tower position as illustrated ri Figures 1 7B 
and 17D. 

The actuator cylinders 1516 are pivot afly (inked via 
finks 1524 to forming pads 1520. The pistons 1518 are 
inked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17Aand 15B\ the loaning pads 1520 
enter an opening of two retracted outlet member* as il- 
lustrated h Figure 158. The expanding rollers 1522 and 
forming pads 1520 are tn a retracted position wfthin re- 
tracted outlet members 1560. 1562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylinders 1516 downwardly a 
small amount Next, pistons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move along 
the incfinod interior face of forming pads 1520 causing 
the pads to push outwanfy against the Interior walls of 
retracted outlet members 1560. 1562 untl the outlet 
members achieve a circUbr shape at that level. Simul- 
taneously, the outlet members are forced outwardly 
from the axis of the multiole outlet sub 1550. Next, the 
pistons 1518 are stroked upwardly, thereby returning 
the expanding rollers 1522 to the positions as shown in 
Figure 15C. The piston 1512 is stroked another smal 
distance downwardly thereby moving the forming pads 
1 520 further down into the outlet members 1560,1562. 
Again, the pistons 1518 are stroked downwardly to fur- 
ther expand the outlet members 1560. 1562 outwardly 
and to circularize the outlets. The process is continued 
until the positions of Figures 15D and 170 are reached 
which illustrate the position of the forming pads 1520 
and actuator cySnders 1516 at the distal end of the mul- 
tiple outlet members 1560. 1562. 

Description of Method for Providing Branch Wefts 

Figures 11A-11H andFrgure 1 2 descrfoe the proc- 
ess for establishing branch wells from a branching sub 
30 in a wed. The branching sub 30 is illustrated as having 
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three outlet members 34. 36. 3B (per tie example of Ftg- 
uroit 3A, 38, 3C and Figures 7A-7H) but any number of 
outlets may also be used as rtatrated in Figures 6A- 
6E.0rtry1he outlets 38, 36 are flustoated from the axial 
croes-sectional views presented, but of course a third 
outlet 34 exists for a throe oultel example, but it is not 
vtsfcle to the views of Figures n A-11H or Figure 12. 

Figure 11A shows that the branching sub 30 is first 
connected to the tower end of a parent casing 604 which 
Is conveyed through btennscfiate casing 602 (9 
present). IntBfrnedJale casing 602 fines theweBbcreand 
is typically run through surface casing 600. Surface cas- 
ing 600 and Intermediate casing 602 are typica&y pro- 
vided to ine the woObore. The parent casing 604 may 
be hung from intermecfate casing 602 c* from the wefl- 
head at the surface of the earto or on a production ptat- 
form. 

The outlet members 36, 3B (34 not shown) are h 
the retracted pceruco. Slot 160 and notch 162 are pro- 
vided to rxanchingcriarrxw 32* 
Figure 12) to cooperate with orienting device 212 and 
tatchfcg device 210 of orienting and latching sub 208 of 
downhole apparatus 200 (See Figure 9). When the par- 
ent casing 604 is set ocwnhote. the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
is retailed (not illustrated) at the connection of the 
branching sub 30 with the parent won casing 604. The 
orienting process may be montored and controlled by 
gyroscopic or Milometer survey methods. 

Description of ATlematrve Emtcciment of Figure* 18A- 
1BFand19A-19C 

Figure* 18A-18F illustrate concave deformation of 
outlet members in a retracted state of a branching sub 
according to an artemaltvo ombodinnerrt of Ihe tnvontiorL 
The outlets are shaped similar io that of a ruled surface 
sheE Concave deformation of retracted outlet mem- 
bers, under certain ciicumstanees. provides advantag- 
es for particular outlet arrangements, especially for 
three or more outlet nodal junctions. 

Figure 18A illustrates, in a radial cross section 
through ttoes l8Aof the branching chamber 1821. of tha 
branching sub 1850 of Figure 18B, that the outlets have 
a concave shape. Stiffening structure 1800 is provided 
at the juncture of each outlet member 1881. 1642. 1B61 
wlh its neighbor. As a result the area that a capable of 
plastic dolormation is reduced as the number of outlets 
increases. Providing the retracted shape ol the outlet 
members, as in Figures ISA and 188. alows minimiza- 
tion of the area to be deformed, and sirnuftaneousry re- 
spects the principle of deformation of a ruled surface 
sheU that alows expansion by poeJ-formlng with a rnin- 
imum of energy required. Figure 1BA Itostrates an en- 
velope I8l0of theoveralldiametef of the branching sub 
1850 when tha outlet memoes 1681. 1842. 1861 are 
retracted. The arrow 1806 points to a circled area of 


structural reinforcement Arrow 1804 points to an area 
of concave determalion of the outlets to r^ranctitog 
chamber 1821. 

Figure 18C Bustrates the Uancfrtog sub 1850 et e 
s Icngftudvtal position at the Junction of the outlet rnem- 
bere wlh a radial cross section thrcughBneslOC of Fig- 
ure 18a Arrow 1810 points to the outer envelope of the 
branching sub to its retracted state. Figure 1BD atus- 
ttat es ttia teaching sub 1 850 near the end of theouttets 
to while to a retracted state. Arrow 1810 points to the outer 
envelope of rxanchtog sub 1BS0 in the retracted state. 
whitearTOwaieai\l842*andl86rpc«^ 
outfihes of (he outlet members 1881, 1842 and 1661. 
respectively, after expansion. 
1$ Figures 18E and 18F Hustrate the branching sub 
1850 to an expanded state where Figure 18E Is a radial 
cross section of through cutlet members at the end 
of the outlet Arrow 1810 potota to the outer envelope of 
the branching sub 1B50 when to a retracted state; arrow 
20 iSltfpctots to the outer errvelc^ 

bere1881\l84Zarid1861 , riaverjeenexpanoed 

A preferred way of ptectog the outlet members 
1881 . 1842, 1 861 intoihe retracted strte cf Figuree 18A^ 
180tstoconstructthesubwfththe geornetry of Figure 
2S 18E and apoty ccncavs pliers atong the vertical plan of 
axis symmetry of the junction. The deformation to pro- 
gressrvery greater and deeper starting from the top of 
the cutlet members (Figure 18A) to the bottom of the 
outlet members. The entire junction of outlet rrwnbers 
x 1881. 1842. 1861 to branching chamber 1821 prefera- 
bly toctudes wexfing of super plastic materials such as 
nickel-based alloys (Monel or tnconet for example) to 
the deformed areas and materials of higher yield 
strength to tie ncr>-deformed part of the branching sub. 
55 Electron rxjamweldtog is a preferred methcd of welding 
{he conpoefte she! of the branch*^ bud. because etec- 
tron beam welding minimizes wetdtog induced stresses 
and allows joining of sections of different compceftions 
and ink* walls with rrwiimum loss of strength. 
40 Figures 19 A. 19Band 19C Bustrate a poet-lorming 
tool 1 926 similar to the post-forming tool of Figures 1 5B*- 
150 end 16 oescribed above. An actuator sonde (not 
shown) supports the poet-formtog tool 1926 including 
actuator 1910. push rod 1927. and forming rollers 1929. 
«5 Figure 19A shows an axial section schematic of the 
pceMcrming tod 1926 operating to one outlet number 
1881 of branching sub 1B50 when It begins to expand 
euch outlet rnember. Figure 19BB^^ 
section where actuator 1 910 has been etrokedcutward- 
a> ty to force push rod 1927 and traveing forming head 
192B downward, wtft forming rollers 1929 expending 
outlet member 1881 outwaroTy white simultaneously 
roundtog it Figure 19C shows a vertical cross section 
through the branching sub 1850 wflha traveltog forming 
55 bead 1928 to each dtliemreecxrtletmernbers 1881, 
1842. 1861 . Forming rotters 1 929 force the ocrwrvepor- 
tion of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stiflen- 
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tog structure 1800. Push beam* 1933 provide a frame 
tot rcrtaltormfly supporting kxmtng rollers 1 929 end 
port rotters 1931. Springs and Bhkages (not ttlustcatod) 
are provided among push beams 1933, forming roters 
1929. and support rotters 1931 to Insure thai al nxwtog 
parts retract to a top position go that the overall tocfcl- 
ametercoSapses to the diameter of the branching cham- 
ber 1621 (Figure 188) of the branching sub 1850. 

In operation, the traveling forming head 1 928ofFig- 
uresl9A-19Ctolc^asec^enceo4ster^ftirrtlartofiai 
described above wftt respect to Figures 17A-17D. The 
poal-tomuhg tool 1926 to conveyed by means of awve- 
arte and Its associated sonde wfih cable hea* telernetry 
powor •uppfcoe and controls sub. hyoVaulc power w*. 

actuator 191 0 seals above (ho top of the junction of «**- 
entog structure 1800. Th» tmvofing loaning hwd 1929. 
comprising push beams 1933 carrying tonruhg rosers 
1929 and support ro&ers 1931. is pushed ck>wnwa»cty 
by powering actuatoi 1 910 sothat Ihe expansion of each 
outset member (e.g. 1881 . 1042. 1861) begins at its top 
and where I exits f rom the branching dvunber 1821 and 
continues to the lower end of each caiUetrneiTiber. Trite 
sequence is repeated until the proper circular shape is 
achieved. 

Figure 115 Bustrates the forming step deserted 
atoove wtih forming heads 122. 126 shown torming cut- 
lei members 38. 36 with hydraulic fluid being provced 
by telescopic finks 180 from hydraulic power unit 206 
and fixed traveling head 213. The outlet members 36. 
38 are rounded to maximize the cfameterot the branch 
weRs and to cooperate by fitting with finer hanger* or 
packers h the steps described beic^. The tomsng step 
of Figure 11B also strengthens Ihe outlet members 36. 
38 by their being cold formed. As descrtoed above, toe 
preferred material of the outlet members 36. 38 of toe 
blanching sub b alloyed steel wfth an austenttic stoje- 
ture. such as manganese steel, which provides substan- 
tia! ptestic oetormation combined wflh high strengthen- 
r>g_ Co«fom^(p4astk:cWc*mation) of a nickel afloy 
s;eet, such as Inconer, thus increases the \ eld 
strength of the base material at the bottom end ot the 
Drancrmg chamber 32 and in the outlet members 36. 
38. The outlet mernbers are formed toto a Tnal substan- 
tial* circular radaJcrces-t^^ 

As described above, ft is preferred under rrxxtcon- 
catena to convey and control the dowiihote forming ap- 
paraius 200 by means of wirefne 110. but under certain 
conditions, e.g.. unoef -balanced welbore concStons, 
(or in a highly deviated or horizontal welO a coded tubing 
equipped with a wireQne may replace the wireline atone. 
As illustrated in Figure 11B and described above, the 
downhote torming apparatus 200 is oriented, set and 
locked hto the branching sub 30. latching device 210 
snaps into notch 162 as shown in Figure 11B (see also 
Figure 12). Hydraufic pressure generated by hydrauic 
power un& 206 b applied to pistons in forming heads 
122. 126 that are supported by telescopic links 180 Af- 


ter a forming sequence has been pert owed* the pres- 
sure is released from Ihe pistons, and ma telescope 
inks 180 tower the formtog pads ctowv by one step. 
Then the pressure is raised again and so on untl the 
s tormng step b completed wfth the outkr mernbers ctr- 
cutarized. After the outlet members are expanded, tie 
downhofa forming apparatus 200 is rerovecS from Ihe 
parent casing 604. 

Figures 11 C and IIDttustrate the ce m ent i ng steps 
10 for connecting the parent casing 604 anitw branching 
sub 30 toto the wett Plugs or packers BOO are installed 
into toeouuet mernbera 36. 38. Thepnafarredwaytoset 
the packers 800 is wfch a muftipte head singer 602 con- 
veyed eflher by cementing string804cwaoo*tedtubhg 
is (not illustrated). A mutate heed stingm includes muti- 
ple heads each equipped with a cometflng «ow shoe. 
The sttoger 602 Is latched and rjrtonieda^ branching 
chamber 32 of blanching sub 30 si a rrssriers*rtibr to 
that described above wflh respect to Fgaatia Asi- 
20 tustrated n Figure 11 D. cement 900 iB injected vte the 
cementing string 804 No the packers 830. and after In- 
flating the packers 800 flows throupj conventional 
check vahres (not shown) into the amuua outside par- 
ent casing 604, inducing the bottom branching section 
2S 1000. Next. Ihe cementing string 804 is julledc*ut of Ihe 
hole after cfisccnnecting and leaving cackars BOO in 
place as shown in Figure 11 E. 

As shown in Figure 11F. stomdua! firanoh wells (e. 
g. 801) are selectively driDed using any suitable drffl'ng 
30 technique. After a branch wel has been drfted, a liner 
805 b rotated, connected, and sealed in Ihe outlet 
member. 36 far example, wfth a cxvnenbonal casing 
hanger 808 at tie outlet of the branching sab 30 (See 
Figures 116 and 11H).The inerrnay bacensented (as 
as illustrated in Figure 11 0) or it may be retrievable de- 
penotng on the proctocoon or iry>ctionfmn*stefa»and 
a second branch weD 808 may be drOted as itostrated 
in Figure 11 H. 

Figure 12 illustrates completion ot branch wefls 
40 from a branching sub al a node of a pa^nt we* havhg 
parent casing 604 run through intermeaate casing 602 
and surface casing 600 from welheac old. As men- 
tioned above, parent casing 604 may ba hung tram rv 
termedtate casing 602 rattier than from •eitiend 610 as 
45 Blustrated. The preferred method of corrptotinQ the wefl 
is to connect the branch wefls 801. BOBto a downhote 
manifold 61 2 set in the Drenching charrto32anovethe 
Junction of the branch welfe 801. 808. The ctownhole 
manifold612 is orientedand latched to b^rxislngcham- 
se ber 32 in a manner similar to that of the Juwetf loto form- 
hg tool as iBustrated « Figures 8A 8B and 11B. The 
downhote manrf old 6 1 2 eJtows tor contort oftwproouc- 
tion of each resrpective branch wel a^ 
(active re-entry of ihe branch wets 801 . 3» ^h testing 
SS or maintenance equipment which may bo conveyed 
through rxrjduction tubing 820 from the surface. 

In case of remedial work in Ihe parant casing 604. 
the ctownhole mantfoW 612 can isolate the parent well 
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from the branch weds 801 . 808 by plugging tho outlet ol 
the downhoto manifold 612. This is done by conveying 
a packer through production tubing 820. and setting I 
in the outlet of ctownhole maniJoW 612 before c&scon- 
necting and rerncving the proAxto tubing 820. >«ves 
controllable from the surface and testing equipment can 
aiso be placed in tfto downhole equipment. The dovm- 
hofs manfloW 612 can also be connected to mwWple 
completkxi tubing such that each branch wefl 801. 806 
can be independently connected to the surface well- 
head. 

The use of a branching sub for branch weB forma- 
tion, aa described above, for a u*^ branrA weO config- 
uration, allows the use of drarnaticaly smaller parent 
casing as compared to that required in the prior ait ar- 
rangement ol Figures 1 A end IB. The relationships be- 
tween the branching sub diameter Ds, the maximum sx- 
panded outlet rJametar Do, and theniaxirnumolarTieter 
of a corWentionai axial branch D c lor a two outlet case 
b shown h Figure 13A. and tor a twee outlet case in 
Figure 1 3a The same kind of analysis applies tor other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of Bners 
packed at the end of the parent casing, the branching 
weO methods and apparatus of the present invention al- 
low a pan in branch cross^ctionaJ area ranging from 
20 to 60 percent 

Figures 1 4A-1 40 illustrate various uses of two node 
branch wen configurations according to the invention. 
RgurasMAand 148 aiustrata a branching sub at a node 
according to the invention. Figure 14C ffiustrates how 
branch weOs may be used to drain a single strata or res> 
ervoir 1 100. white Figure 140 aiustrates the use of a sin- 
gle node by which multiple branch wels are directed to 
cSfterent target zones 1120. 1140. 11 60. Any branch wen 
may be treated as a single wel for any htervention. 
plugging, or abandonment, separate from the other 


Description of Altematrva Bitbodane n t of a Branching 
Sub According to the Invention 

a) Description of Attemathre Branching Sub 

Figures 20A and 208 show an alternative embocf- 
ment 3000 of the invention of a branching sub. Figure 
20A shows an exterior view of the branching sub 3000 
Including a reusing 3002 having threaded ends 3004. 
3006. The branching sub 3000 of Figures 20A. 20B is 
austral ed in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 which 
defines a feed through channel 3011 (see Figure 208) 
and at toast one fateraJ brarchjr^aitfcrt 3012 which de- 
fines a federal channel 301 3 (see figure 208). A branch-, 
hg chamber 3008 is defined between the top channel 
3007 and the lead through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BHA) deflecting 
area 3015 separates main pipe 3010 from lateral 


branching outlet 3012. 

In a retracted state, the txrartohhg sub 3000 maybe 
placed ti series w*h sections of wel easing and posi- 
tioned in a borehole with (he runrungrfthecasifigstnng 
5 into the borehole. Aftst placement in the borehole, the 
housing of tho branching sub 3000 is post-lormed so 
that both the teed through channel 301 1 and the lateral 
criannel3013(c>rrrwrt^fr 

to a final geometry which increases resistance to pres- 
10 sure and which maximizes the drift diameter of the lat- 
erat channel 301 3 and Ihe I oed trirouf^charinel 3011. 
LcngjtucSnal rtos 30l8provida strength to the housing 
3002 of the branchng sub 3000. Longitudinal rto 3018 
exterida the entire axialler^ 
15 and b integral with Ihe BHA deflecting area 3015 for a 
dfctancs from the bottom treaded end 3006 of the 
bmnch*>g sub 3000 to the branching chamber 3006. 

Figures 21A-21D scherriaticafly Muatrata the 
branchbg sub 3000 h is retracted stale (see Figures 
20 21A.21B) and si ris expanded state (see Figures 21C. 
21D). In the retracted state shown in Figures 21 A, 21 B. 
the main pipe 3010 and the branching outlet 3012 have 
been rxefabricatod so thai the maximum outer diameter 
Dof the branching sub 3000 is not greater than the top 
zs threaded end30O4 or bottom threaded end 3006. Figure 
21 B. taken along section fne 21B ol Figure 21 A, ilus- 
trates the oblong shape of the feed through channel 
3011 of man pipe 3010 and of the lateral channel 3013 
of btoral branching outlet 3012. In the retracted state. 
yo brancftr»g sub 3000 can be piacod botwoon sections o< 
borehole casing and run into an open brxehote to a se- 
lected depth. 

Figures 21C and 21 D schematically fllustrats the 
branchtog sub 3000 after ft has had Its feed through 
35 channel 3011 oxpandod and to tatera! channol 301 3 ex- 
pended. Tho rnaxnxjra cfamotor In tho sxpondod state, 
peitormed downhole. at section fine 21 D is D*as com- 
pared to the cfiameter Dof the top and bottom threaded 
ends 3004. 3006 of the branching sub 3000. Figure 21 D 
40 Blustratee that the main pipe 3010 and the lateral 
branchtog outlet 30 1 2 not on ly have been expanded out- 
wardy from their retracted stats of Figures 21 A. 21 B. 
but that they have been substantia^ circularized. Thus, 
in Figure 21D. feed trvougji channel 3011 and lateral 
45 channel 3013 are characterized by substantially drcutar 
internal rJameters. 

Tha rtownhole posi-tonning method and apparatus 
illustrated and deserted above by reference to Figures 
7A-7E. BA. 68. g and 10 are used to expand the feed 
so through channel 3011 and Ihe lateral channel 30ia 

The construction of branching sub 3000 is based on 
the combination ol material and p^ornelrical properties 
of the BHA deflecting area 3015 The material b specif- 
ically M»lociod and treated to allow a tame ralo of defcx- 
ss mation withoul cracks. Trie rjrjometry ol the waf is such 
that both Is combined thickness and shape ensure a 
continuous and progressive rats of deformation during 
the expansion. The plastic deformation increases the 
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yield strength by coW work effect and hence gives the 
Joint an accoptabte strength thai is required to support 
the pressure and liner hanging forces. Figure 22 shows 
that the yfeld strength alter expansion increases with the 
rate of deformation of the outtets. A preferred material 
for use in the poet-forming areas is a fine grain normal- 
ized carbon steel or an austenttc manganese aOoyed 
steel that reacts favorably to cold worlung. A preferred 
constrectx^methcxlbtomani^actijre difterent specific 
components h order to opt im ize the material and form- 
ing process of each particular part In a final stage, the 
components are welded together eo that the housing 
3002 becomes one single continuous structural shel 

b) Description of Use of Alternative Branching Sub 

Figure 23 schernatieaiy Kustri^theuseoftheaV 
temative blanching sub 3000 as doscrtoed above. A 
preferred use of the branching sub 3000 is lor providing 
muttpie branches In a parent weD. Such multiple 
branches may improve the drainage of a eubterranean 

Before the invention of the branching sub 3000 of 
Figures 20A. 20B and 21A-21D. connection of a lateral 
branch to a parent well has generally mads use of an 
arrangement of several parts with seating of the brancn 
wel to the parent well wth rubber, resin or cement Such 
joints require a complex method of installation and 
present a risk of hydraulic isolation failure after several 
pressure cycles in Vie wel. 

The branching cub 3000 according to the invention 
aflows lor providing mullpJo branches from a parent 
casing win no eeafing joint, but with cwwentional Iner 
hanging packets and casing joints. The geometry cf the 
housing 3002 of f» branching sub 3000 allows the pres- 
sure rating of the sub and the size of the branch to be 
maxrmzod with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
where, after expansion downhote. branch wells 3014 
are provided to separate parts of the earth's crust by 
means of lateral channels 3013. The branch wells 30*4 
can boused lor extraction, storage or injection of various 
fhiid3suchasrnc«K>c*po?y-p^ 
products, steam or water. 

c) Description of Deflection Apparatus and Procedures 

Figure 24 Blustratee how a drHfing tool 3030 can be 
guided or deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
been expanded downhote. A deflecting tod 3036 is set 
in ma* ppe 3010 by means of elements which cooper- 
ate win the posAicning groove 3040 and orienting cam 
and slot 3042 aiustrated schematically. 

Several lateral branching subs can be stacked in 
tandem at a location in the wed or at several places 
along the casing string m order to provide optimal com- 
munication with various lormations from the parent well. 


FlcAiro25i0iistialestTOto 

totteanematrveembocfrnert 

connected in tandom In a casing siring 3300. Where two 

or more branching subs 3000 are connect eo in a casirig 

5 sirng 3300. eacfi sub can be orient 

adifloreni face wigJe for rl>e falefrf brar><±«n. As a con- 
sequence, dinorent angular ooentatiorts from the parent 
wed may be provided to reach a large vokra of subter- 
ranean formations with daterent lateral branches. The 

io casngstring3300meybec<ientedvo^ 

tally, or it may be tlted; but the lateral branches may in 
any case extend laterally from the parent casing. Al- 
though departing at a narrow angle from the casing 
atnng 3300. lateral boreholes from the Weal oustets of 

is branching subs 3000 can be duectkx^cHfadtoa ver- 
tical deviated or horizontal orientation. 

Figures 26A and 268 Buatrate a dritaMs cap 3400 
welded about the opening of lateral branching outlet 
301 2 h to retracted and expanded corxfihone, recpec- 

zo ttoly. When conveying the casing strwig iron the bore- 
hole, the cap 3400 isolates the taieralchanrwl 3013 from 
the borehole and maintains a differential pressure 
acroes the casing wail *tiich may bo requnod to control 
the borehole pressure when casing is conveyed down- 

2* hole. When the lateral branch b to be drffled. a otiDing 
tool bores through cap 3400 and intoa famationtoform 
a lateral branch. 

d) Description of Advantages and Features of 
oo Alternative Branching Sub 

As mentioned above, a single branching sub 3000 
can be provided with more than one lateral cuttaCSoch 
multiple outlets can be coptanar win aechoJw or nort- 
hs coptanar. A single branching tub 3000 can be connect- 
ed in tandem wfih one or more other branching subs 
3000 either at its top end or Its bottom end. A branching 
sub 3000 can bo provided with a foot at its towe* end in 
a simiar manner to foot 172 of Figure 8A. 
40 A lateral branching outlet 3012 of Figure 20B may 
support a Iher hanging packer which holes a liner con- 
nected to the housing 3002 h order tc isolate the 
branch*g chamber 3008 tram the borehote. Appropri- 
ate amoves at the top of the lateral branching outlet 
45 3012 may be c<cvxted to secure the finer hanger and 
prevent the frier from acckJsntaJlyiixjvingcrt 
let during the iner setting operation or tatet Ats*natrve- 
ty. the interior walofuV lateral branching outlet 301 2 
can be provided wfchout grooves. 
so Trtete1eralbrarx*ngrjullet3012 

with a ramp that guides the dril^bi when starting the 
dril&tg of the lateral borehole. Such ramp can prevent 
the drilling bit from exxadentafly drffling bart toward the 
main pipe 3010. 
si Other structures may be provided inside the 
branching chamber 3008 such as a guicferxsranip, sec- 
ondary posltoning groove, or the like to vafidete con- 
veying equipment through the feed throjgh channel 
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3011 or toward a specific lateral channel 301 a The 
branching ctiamtxu 3008. or the lateral branching outlet 
301 Z or the main pipe 3010. can be provided wfth tem- 
porary or permanent flow control devices such as 
varvee, chokes, or temporary or permanent recording 
equipment with temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3008 can al- 
so be provided with a production tubing interlace win a 
ftow ccrmoctor, or a flow cfivortor, or an botatng padcor. 
A lateral branchhgoutiet 3012 can also be provided wilh 
anarUQdal BRing device such as a pump, gas influx in- 
jectors, and the Bee. 

As an alternative to Ihe apparatus and techniques 
of Figures 7-10 tor expanding the main pips 3010 and 
the lateral branching outlet 3012. an inflatable packer 
may be placed on the inside wal ol the main pipe 3010 
or the lateral branching outlet 3012 whsreby the expan- 
sion force of the packer is used to expand the p^ by 
plastic deformation. 

Various nxxfificaliona and alterations in the de- 
ecrtoed methods and apparatus wil be apparent to 
those skilled in the art of the foregoing Description which 
do not depart from the spirt of the invention. For this 
reason, such changes are desired to bo induced within 
the scope of to appended claims which ircAidolho only 
limitations to the present invention. The descriptive 
manner which is employed for setting forth the embod- 
iments should be interpreted as illustrative but not limi- 
tative. 


1. A multiple branching sub designed and arranged for 
deployment h a borehole comprising: 

a branching chamber having an open first end 
of cylindrical shape and a second end, said 
branching chamber designed and arranged for 
seated connection ai said first end to casing in 
a borehole; and 

multiple branching outlet members, each of 
which is integrally connected to said second 
end of said branching chamber, each of said 
muBiplo branching outlet membors being in rtu- 
kJ communication wilh said branching cham- 
ber, said sub characterized by 
a retracted position for Insertion into a borehole 
in which each of said multiple outlet members 
is substantially totaBy within an imaginary cyl- 
inder which b coaxial with and of substantia By 
the same radius as said first endc4 said branch- 
ing chamber; and 

an expanded position in which at least one of 
said mutt^pfe outlet members extends from said 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet members, when 


in said retracted position, are characterized by 
»i outer curved shapo when a radja! cross -coc- 
tion of said branching outlet members b viewed 
from outside said Imaginary cylinder. 

5 

2. The sub of claim 1 wherein said branching outlet 
members, when in said retracted position, are char- 
acterized by an outer convex or concave shape 
*hon a radial cross-section of sajd branching outlet 
ro members is viewed from outside said imaginary cyl- 
inder. 

3l The sub of claim 1 wherein said outlet members are 
designed and arranged such that in said expanded 
r5 position, each of said muftjpie outlet members ex- 
tends in on arcuate path from takJ branching cham- 
ber otrtwarcfy of said Imaginary cy*ndor. 

4. The sub of claim 1 wherein said multiple outlet 
20 members in said expanded positon are character- 
ized by a subetantial)y circular racial cross-eoction- 
al shape. 

5. The sub of claim 1 wherein said mufl'ple branching 
25 outlet members are formed of a material which may 

be plastically deformed by cold forming. 

& The sub of claim 5 wherein said material is an al- 
loyed steel wfth auslenitic structure. 

30 

7. Tho sub ol claim 6 wherein said materia] is a nickel 
altoy 

a The sub of claim 1 wherein each of said multiple 
3S branching outlet members is of substantia By the 


9. The sub of claim 1 wherein at least one of said mul- 
tiple branching outlet members is characterized by 
40 a radial croea-eectionaJ area which is greater than 
at least one other of said muttole branching outlet 


55 


10. The sub of claim 1 further comprising a leg member 
. carried substantially axially downwardly from said 

second end of said branching chamber, and a toot 
disposed at a distal end of said leg. 

11. The sub of claim 1 wherein a central support region 
is defined at said second end of said branching 
chamber between integral connections of said mul- 
tiple branching outlet rnembers to said second end, 
and further comprising: 

an extension leg carried from said central sup- 
port region which extends axxaiy beyond said 
multiple branching outlet members; and 
a foot disposed at a distal end of said leg. 
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12. A brwh^siA designed arxJarrangodtof deptoy- 
rent in a borehole ccrnprising: 

^ritegraihous»^havingatopendandabot> 
torn end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main ptoe and said branching outlol each 
being longitudinally below said branching 
chamber and each being in Quid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con- 
nection to borehole casing, and wherein said 
top end is characterized by a connection diam- 
eter. 

said oraricning sub characterized by a retracted 
state lor insertion Into a borehole h which the 
largest diameter of said housing at any position 
along its tongtixflnai length b no greater than 
caxj connection diameter, and 
an expanded stale in which said branching out- 
let extends outwardly from said branching 
chamber with a diameter of said housing in said 
expanded state being greater than said con- 
nection diameter. 

13. The branching sub of claim 12 wherein said main 
3tpe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end of said branching outlet. 

14 The benching sub of claim 12 wherein said main 
pipe has threads provided at said bottom end for 
connection to borehole casing below. 

15. Triel>rar*chingsuboldairn 14 where 

ed stale said main pipo b characterized by a circular 
nside radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
ongeudmaJ position below said branching chamber 
and above said bottom end, and said branching out- 
et is characterized by a non-circular inside radial 
section shape at a longitudinal position below said 
oranching chamber. 

ia The brarx^ng sub of claims 

ed state said branching chamber and said main 
pipe are ctaracterized by a substantially constant 
first dfameter of a circular inside radial shape from 
said top end to said bottom end, and said branching 
outlet is characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 13 further comprising a 
first longitudinal rib which is integral wtti said hous- 
ng and which extends from said bottom end to said 


top end in a path along the exterior of said housing. 

IS. The branching sub of claim 17 further ccrnprisnga 
second IcngtucSnaJ rib, spaced perfeherafy from 
5 said first lengrtudraf rib which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub of daim IB further composing a 
to deflecting structure which separatee said main pipe 
from said branching outlet from said branching 
chamber tortgfturJraBy downward to said end of 
said branching outlet 

is Ml The branching sub of ctafi^ 

drilabta cap secured to said end of said branching 
outlet 
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